Abstract. Epimedium is a genus of shade tolerant herbaceous perennials and groundcovers that are slow growing and command high prices. This research examined the infl uence of division size and timing on propagation success and growth of E. pinnatum ssp. colchicum Boiss., E. × rubrum Morren, E. × versicolor 'Sulphureum' Morren and E. × youngianum Fisch. To determine an appropriate division size for each species, small (single bud) and large (three bud) divisions were made in mid-June 2002 and 2003. For the timing study, uniform divisions (three to fi ve buds for E. pinnatum ssp. colchicum and E. × versicolor 'Sulphureum'; four to seven buds for E. ×rubrum and E. × youngianum) were made in March, late June and late August, when plants were dormant, had just completed foliage expansion, or were summer dormant. Half of the plants were destructively harvested in the fall and half were overwintered and forced in the greenhouse in early spring. By the end of the growing season, plants grown from large divisions were larger than those grown from small divisions and had produced more buds, however, plants from small divisions produced more buds per initial bud than plants from large divisions, demonstrating a faster increase in growing points. For each species, March divisions produced more vegetative growth, buds, buds per initial bud and potential propagules than June and August divisions, by the end of the growing season. However, by the following spring, both March and June divisions had produced plants of similar size and appearance, while plants grown from August divisions were smaller and of lower quality.
The development and use of new or underutilized plants is important to nursery producers, landscape architects and gardeners alike. Currently, there is building interest in the genus Epimedium, because of its garden versatility, diverse ornamental attributes and potential economic value. Epimediums are shade-tolerant herbaceous perennials and groundcovers, which thrive under trees and shrubs where few other plants will perform well. If properly sited, they require minimal care once established in the garden, and persist for many years. Their evergreen, semi-evergreen or deciduous leaves often emerge red in spring, turn green for the summer, and then color up again in the fall. Elegant, bell-shaped and often spurred fl owers occur in various colors in spring. Epimediums are commonly propagated by rhizome division to preserve cultivar identity and because of low seed viability (Nau, 1996; Probst, 1998) .
The increased interest in epimediums has made production of these plants in commercial nurseries economically important, but knowledge regarding optimal cultural requirements, nursery production methods and propagation is limited. Unlike many other herbaceous perennials, epimediums are slow growing. As a result, few propagules (divisions) may be taken from individual stock plants. In addition, it may sicolor 'Sulphureum' Morren is evergreen to a greater degree than rubrum, and E. pinnatum ssp. colchicum Boiss. is evergreen. Rhizome length also varies among the four experimental species. E. pinnatum ssp. colchicum and E. × versicolor 'Sulphureum' have 10 to 16 cm (long), creeping rhizomes, E. × rubrum has 3 to 6 cm (short), creeping rhizomes, and E. × youngianum has 1 to 2 cm (very short), upright rhizomes. Divisions were made from 4-L container-grown stock plants. Dormant stock plants were held in a minimally heated greenhouse (set point 0 °C) and actively growing plants in a 50% lath-shaded cold frame until needed for experimentation.
Division size study. The infl uence of division size on epimedium production was evaluated by making small (single bud) and large (three-bud) divisions for each species on 17 to 18 June 2002 and 2003. Size divisions of E. pinnatum ssp. colchicum and E. × versicolor 'Sulphureum' were planted in 688-mL square pots, while E. × rubrum and E. × youngianum could be accommodated in 307.3-mL square pots because of their shorter rhizome length. Divisions were made by washing the potting medium from the crown, trimming roots to 10 to 12 cm, then cutting through the crown with a knife. Divisions were potted in Metro Mix 510 Growing Medium (Scotts Co., Marysville, Ohio).
To facilitate the establishment of divisions, they were grown in a greenhouse under 60% shade for 1 week following division, before being moved to outdoor cold frames. Cold frames were equipped with sand and weed barrier fl oors, concrete walls and 50% lath shading. Plants were grown in cold frames until the end of the growing season when 10 of the 20 plants per species per division size were randomly chosen for harvest. The remaining half was overwintered in a minimally heated greenhouse (set point 0 °C) and harvested the following spring after grow out.
Fall plant harvest and quantifi cation began on 16 Oct. for both years and required 1 week to complete. On 22 Feb. 2003 and 16 Feb. 2004 colchicum and E. × versicolor 'Sulphureum' divisions consisted of three to fi ve buds, while E. × rubrum and E. × youngianum divisions consisted of four to seven buds. Division size take up to two growing seasons for nurseries to produce a salable plant from these divisions. This slow generation time consumes production resources, resulting in a higher wholesale cost per plant, which must be passed along to consumers. Common epimedium varieties used in this study typically cost 40% more than other shade perennials (Sunny Border Incorporated, 2003; The Plant Group Incorporated, 2003) . Other less common Epimedium species and cultivars retail for $25 to $100 for 2-inch pot liners and are currently unavailable in larger sizes (Probst, 2004) .
Our research focused on optimizing propagation of Epimedium by division, since this is the method currently used by producers. When propagating a slow-growing ornamental plant for which stock supply is limited, using the smallest possible division is necessary to produce signifi cant quantities of liners. Part of this research examined the implications of using small and large divisions for propagation purposes and to yield market quality plants. Since propagators familiar with Epimedium do not agree on the best time to make divisions, a second study was conducted to evaluate when to divide epimediums to optimize success and post-propagation growth.
Materials and Methods
Plant material. We selected four species that vary in degree of winter foliage retention in USDA Hardiness Zone 5 for this research. Professor. To whom reprint requests should be addressed; e-mail mark.brand@uconn.edu. chosen for each species was based on knowledge of growth potential and habit. Divisions were made as described for the size study and potted in the same growing medium.
March divisions were grown in a greenhouse with set points of 21 °C day and 17 °C night and natural lighting for 8 weeks following division, before being moved to cold frames. June and August divisions were instead grown in a greenhouse under 60% shade for 1 week following division, before being moved to cold frames.
Plants were held in cold frames, similar to those described for the size study, until the end of the growing season when 10 of the 20 plants per species per division timing were randomly chosen for harvest. The remaining half was overwintered in a minimally heated greenhouse (set point 0 °C) and harvested the following spring after grow out. Fall plant harvest and quantification began on 22 Oct. of both years and required 1 week to complete. Overwintered plants were brought into the greenhouse for forcing at the same times reported for the size study, and were exposed to similar greenhouse conditions. Spring harvest and quantifi cation began on 30 Apr. 2003 and 21 Apr. 2004 and required 1 week to complete. Plants were irrigated, fertilized and weeded as described for the size study.
Data collection. For both division size and timing studies, plant harvest was accomplished by un-potting the plants, shaking the potting media from the roots and washing the crowns. During plant harvest in the fall, the number of leaves and buds were counted. The number of buds produced per initial bud was calculated by dividing number of buds by the average number of initial buds per treatment. To estimate propagation potential, the number of two to three bud divisions (propagules) that could be made from each plant was determined. Crown fresh weight, which refl ects the combined weight of both roots and rhizomes, was recorded. Leaf area was measured using a leaf area meter (LI-3100; LI-COR, Lincoln, Nebr.).
During plant harvest in the spring, the number of leaves, leaf and crown fresh and dry weights, leaf area, and plant height and width were recorded. Plant height was measured from the potting medium surface to the apex of the foliage. Plant width was measured twice, at right angles to each measurement. Plant size was then estimated by multiplying height × width one × width two. For overwintered and forced plants, the number of fl ower scapes was counted on 12 to 15 Mar. 2003 and 5 to 8 Mar. 2004 .
Experimental design and statistical analysis. Both division size and timing studies were repeated for 2 years. Size study plants were arranged in the cold frames during the outdoor growing season and in the greenhouse following a period of dormancy as a randomized complete block design with four species and two division sizes. For the timing study, species were arranged as a randomized complete block design for each division time during the outdoor growing season. For overwintered plants forced in the greenhouse, the experimental design was a randomized complete block design with four species and three division timings. Fall and spring data was analyzed separately for both studies. The data from both years were combined for statistical analysis resulting in 20 replications per treatment for both studies. Year was included as a random effect in the statistical model. Analysis of variance (ANOVA) was performed on data using statistical analysis systems (SAS Institute, 1999) and the mixed (PROC MIXED) procedure.
Results and Discussion
Division size study. Large divisions produced bigger plants at the end of the growing season than small divisions. While some interactions were signifi cant, in most cases they were rate of change interactions, following similar trends to the size main effect. Large divisions produced more buds, potential propagules, greater fresh and dry weights, more leaves and leaf area compared to small divisions for all species (Table 1, Fig.1 ). However, small divisions yielded more buds per initial bud than large divisions for all species (Fig. 1) . Twice as many buds developed per initial bud for small divisions of E. × rubrum than for large divisions. Harvey and Brand (2002) found that using small (one to two tiller bud) divisions during propagation of the slow-growing ornamental grass Hakonechloa macra Makino 'Aureola' increased tiller bud production effi ciency. In another study, small divisions were found to be more useful than Plant size is the product of two plant widths taken at right angles to each other and foliage height. 
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declined as divisions were made later in the season (Table 3, Fig. 2 ). While some interactions were signifi cant, in most cases they were rate of change interactions, following similar trends to the timing main effect. March divisions produced 68% more buds and 65% more buds per initial bud than August divisions and 22% and 34% more than June divisions (Fig.  2) . In addition, March divisions produced 68% more propagules than August divisions and 48% more than June divisions. June divisions performed better than August divisions with the exception of leaf count and leaf dry weight (Table 3) . Following a period of dormancy, March and June divisions produced bigger plants than August divisions (Table 4 ). March and June divided plants produced more leaves and fl ower scapes, greater leaf fresh weight, leaf dry weight, plant size and more leaf area than August divided plants. Crown weights progressively decreased from March to June to August. March plants produced 92% and June plants 74% more fl ower scapes than August plants.
Our results indicate that early spring to early summer is an acceptable time for division of Epimedium, however, propagators trying to maximize the multiplication of epimedium growing points should divide rhizomes in March, when dormant. Furthermore, we found there to be no difference in the optimal timing for division of the deciduous, semievergreen and evergreen species examined in this research. In fact, March was the best time for division, August the worst time and June division generally ranked in the middle for all species. Epimedium grower and breeder Darrell Probst (1998 Probst ( , 2001 suggests that deciduous species be divided in either fall or spring, after young leaves have hardened off, while evergreen species perform better if divided from late August through September. One possible reason our conclusions differ from Probst's recommendations is that his suggestions are based on numerous species of Epimedium while this research focused on only four species. Additionally, propagation success at different times can be infl uenced by production factors such as the availability of skilled labor, the capacity to provide protected conditions for overwintering, and the ability to provide recently divided plants with environmentally controlled conditions.
The importance of division timing to propagation success is not only seen with Epimedium, but also with trillium and bunchberry, two shade tolerant, slow-growing herbaceous perennials (Cullina, 2000; Nau, 1996; Still, 1980; Walters, 1982) . Successful propagation of Trillium requires careful removal of naturally occurring crown offshoots in autumn, while Plant size is the product of two plant widths taken at right angles to each other and foliage height. large divisions during propagation of several common ornamental grasses including Calamagrostis, Miscanthus, Panicum and Pennisetum (Brand, 1999) .
As seen with Hakonechloa, we found that small (single bud) divisions of epimedium increase bud production effi ciency. Following two propagation cycles, a grower using single bud divisions would be able to produce >3600 new buds from 100 initial buds, while one using three bud divisions would have produced slightly over 1300 new buds. When plants were grown in the greenhouse following a dormant period, plants from large divisions produced more vegetative growth than plants from small divisions, with the exception of plant size (Table 2) . However, if growth is measured in comparison to initial division size, small divisions grew more than large divisions. Small divisions were initially one-third the size of large divisions (one vs. three buds), but following spring forcing, small divisions were at least 60% the size of large divisions for most growth parameters (Table 2 ). Since plants from large divisions had more leaves and greater leaf area than plants from small divisions, but similar plant size or volume, they were more densely foliated and full than small division plants. Large division plants produced 56% more fl ower scapes than small division plants.
In summary, the initial size of rhizome divisions should be dictated by the goals of the propagator. If the intention is to rapidly produce marketable plants, larger divisions will yield fuller plants with more infl orescences than small divisions. However, if the goal is to increase the number of growing points with a delayed market schedule, then dividing to small sizes is desired.
Division timing study. At fall harvest, we determined that plant performance generally
